Encouraged by Hu's results, we report a benchmark of ground spin state calculation for iron(I) mononuclear complexes using OPBE exchange-correlation functional, which combines the Handy's optimized exchange with the PBE correlation, and proved to correctly predict the ground spin state of numerous iron complexes. 14 More precisely, we show that OPBE associated with the triple-zeta Ahlrichs' basis set (def2-TZVP) for the metal and 6-31G* for the main-group elements successfully reproduces the ground spin state multiplicity of a broad variety of iron(I) complexes. The nature of the electronic factors favoring the spin configuration are investigated. A focus is put on the analysis of the electronic structure of bis-ligated [(η n -arene)Fe I (R)2] -species, and the role of the R─Fe−R angle and the arene coordination on the ground spin state are discussed. A set of 12 low-(Scheme 2a) and high-spin (Scheme 2b) complexes characterized in literature has been chosen, including β-diketiminate low-spin (1, 2) and high-spin (9) species, 2 mono-(3 4,13 , 8 3 ) and bis-aryl (4Me, 1a 4Ph, 1b ) species, bis-amido anionic complexes adopting a bent (5 5 ) or a linear (10 6 ) (N -,N -) geometry, bpy-stabilized species (7 15 ), linear mixed NHC-and amido-stabilized species (11 7 ), and tetracoordinated NHC cationic species in low-spin square planar (6) or tetrahedral high-spin (12) geometries. 8 Table 1 gathers relative energies and Gibbs free enthalpies for both spin states, ground spin configuration (SG,c), Fe Mulliken spin density (SFe), occupied d-block MOs energy span (calculated as the difference between the energies of the highest and lowest occupied d levels) and a comparison of the experimental (δexp) and calculated Mössbauer isomer shifts (δcalc) when available.
These results show that OPBE allows the correct assessment of the ground spin state for all the benchmarked complexes. This is in stark contrast with the results obtained for functionals PBE0-D3, B3LYP-D3 and M06, which failed to predict the correct ground state for doublet complexes 1, 4Me and 5, and only assessed correctly the ground state of high-spin species such as 8 and 9. 1a Relevant metric parameters of the first coordination sphere of the benchmarked complexes are reproduced in silico with a good accuracy, and no significant change in the computed doublet-quartet gaps was observed when using def2-TZVP basis set for all atoms for several benchmarked complexes (see SI), ensuring that smaller 6-31G* basis set for non-metallic atoms is a reliable choice. Except for 4 3, computed spin densities on Fe are close to 1 (doublet) or 3 (quartet), in agreement with the characterization of complexes 1-12 as either pure doublet or quartet states, showing that no significant contamination from higher spin multiplicities occured. Computation of the 57 Fe isomer shift of 2 3, 2 4Me, 2 5, 2 6, 4 10, 4 11 and 4 12 reflects the trend followed by the experimental values, with an average accuracy (absolute deviation ranking between 0.01 mm.s -1 ( 2 4Me and 2 5) and 0.11 mm.s -1 ( 2 6); see SI for the calibration curve).
The possibility of truncating bulky ligands is examined for β-diketiminate complexes 1, 2, and 9, and for complex 11 (Scheme 2 and Table 1 ). The truncation has a strong effect on the compared electronic structures of 1/1' and 9/9', since the doublet-quartet energy gaps significantly decreases in both cases, unlike to 2/2' whose energy gap remained mostly unchanged (Table 1) . 16 The truncation of DIPP and iPr NHC moieties in 11 allows a steric decompression in the optimization of 2 11', which shows an interaction between the metal ion and a C=C bond of the arylamine contrary to its experimental structure (Scheme 3a). Thus, the quartetdoublet span of the truncated pair 4 11'/ 2 11' is much smaller compared to the non-truncated species 4 11/ 2 11. Therefore, backbone truncation of the bulky ligands should be done carefully only once the exact spin state has been determined on a non-truncated model. It can also be drawn from Table 1 that complexes adopting a geometry leading to similar energetic d-spans for both doublet and quartet states follow the maximum electronic spin rule according to Hund's principle, accommodating a high-spin configuration. This is the case for complexes 8 (d-span: 0.73 eV for 2 8 and 1.07 eV for 4 8, Table 1), 9 (1.07 eV for 2 9, 1.28 eV for 4 9), 11 (1.80 eV for 2 11, 1.83 eV for 4 11) and 12 (0.62 eV for 2 12, 0.68 eV for 4 12). The low-spin configuration will be favored by species featuring high-field ligands in their coordination sphere, e.g. the bis-diphosphino complex 3 (d-spans: 3.25 eV ( 4 3) vs 1.23 eV ( 2 3). 2 will similarly adopt a low-spin configuration (d-span: 2.77 eV for 4 2, vs 2.39 eV for 2 2), as well as 6 (d-span: 1.64 eV for 4 6, vs 0.49 eV for 2 6) and 7 (d-span: 2.66 eV for 4 7, vs 1.11 eV for 2 7).
Scheme 3 Metal-arene interaction in complex 2 11' (a) and the associated bonding alpha MO (b). For complexes with high coordination numbers or sterically bulky ligands such as 3 and 6, correct structures and spin states are only obtained by adding the D3(BJ) classical dispersion correction to the OPBE functional. 14d,e
Entry

GQ-GD EQ-ED
Optimization of 3 without dispersion corrections led to the decoordination of a PPh2 ligand in the quartet state. The resulting tetracoordinated complex 4 3Td is found more stable than the pentacoordinated isomer 2 3 (see SI), contrary to the experimental structure of 3. Similarly, no tetracoordinated structure is obtained for 4 6 without dispersion corrections. Electronic structures of 4 6/ 2 6 and 4 3/ 2 3 are therefore compared at the OPBE-D3(BJ) level (Table 1 ). This shows again that taking into account dispersion corrections is crucial to correctly reproduce the structure of systems involving bulky ligands. 17 It is for instance demonstrated that London dispersion effects have decisive contributions in the stabilization of bulky NHC-ligated main-group species. 17a In Figure 1a) . Accordingly, the quartet ground state becomes more stable for high bending angles (> 130°, Figure 1b) . Optimized structures for complex 4 4Me leads to a η 4 -coordination mode of the arene. For bending angles higher than 150°, the steric pressure in 2 4Me leads to an arene hapticity shift to the η 2 coordination (Figure 1b) . 1 also accommodates a low-spin ground state, due to antibonding interactions between the dyz orbital and the β-diketiminate ligand. MOs analysis has been carried out on the truncated model 1' (Fig. 2a) . We established that the OPBE functional (coupled with D3(BJ) classical dispersion correction for high-coordination numbers or bulky complexes) leads to a correct qualitative prediction of the ground spin state of a benchmark of iron(I) complexes. This level of theory allows us to show that the relative positions of the σ-donating ligands as well as the presence of arene/alkene ligands strongly contributes to the d-block MOs energy span, and therefore to the determination of the most stable spin multiplicity. Work is ongoing to compare our results to more quantitative quartet-doublet computed energy gaps obtained by modeling the corresponding electronic spectra at the same level of theory.
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